Abstract RNA-induced silencing complex (RISC) is one of the basic eukaryotic cellular machinery which plays a pivotal role in post-transcriptional gene regulation. Discovery of miRNAs and their role in gene regulation have changed the course of modern biology. The method of gene silencing using small interfering RNAs and miRNAs has become major tool in molecular biology and genetic engineering. Hepatocellular Carcinoma (HCC) is a very common malignancy of liver in developing countries and due to various risk factors; the prevalence of this disease is rapidly increasing throughout the globe. There exists an imbalance in interplay between oncogenes and tumor suppressor genes and their regulation plays a major role in HCC growth, development and metastasis. The regulatory function of RISC and miRNAs make them a very important mediators of cancer signaling in HCC. Therefore, targeting the RISC complex for HCC therapy is the need of the time.
Introduction
The RNA-induced silencing complex is a large assembly of RNA binding multi protein complex in eukaryotic cells and it plays a pivotal role in gene expression and regulation. 1 The total molecular weight of this complex varies from 200 to 400 kDa depending on the stage of the cell cycle, nature of the cells, tissues and organs. 2 Some of these proteins are highly conserved in bacteria, yeast, plants and mammals. 3 The main function of this complex is degradation or suppression of various target specific mRNAs and regulation of protein synthesis at RNA level. 4 The regulatory property of this assembly is exploited in the studies of target specific gene knock out and in the generation of transgenic animals. 5 RISC, is a multiprotein assembly or it's a group of protein complex involving ribonucleoproteins which incorporates one strand of a single-stranded RNA (ss-RNA) fragment, such as various microRNAs (mi-RNAs), or doublestranded small interfering RNAs (commercially available artificial si-RNAs) and this phenomenon is very commonly known as RNA interference. 2, 4 This landmark discovery was first reported by two scientists, Andrew Fire and Craig C. Mello from the United States which fetched them 2006 Nobel Prize for Physiology and Medicine. 6 Components of RISC complex RISC is a multiprotein complex and includes proteins such as Argonaute RISC Catalytic Component 2 (Ago2), Staphylococcal Nuclease Domain-Containing Protein 1 (SND1), Astrocyte Elevated Gene-1 (AEG-1), Fragile X Mental Retardation 1 (FMR1), VIG (vasa intronic gene), R2D2 (a dsRNA binding protein with two dsRNA binding domains), Aubergine (an Ago family protein) and Armitage-RNA helicase1. 7e9 The schematic representation of the RISC complex can be seen in (Fig. 1 ) Each component of this complex is very essential and important for proper synergistic functioning in in vivo or in vitro gene silencing. 1, 7, 8 It is a very well-known fact that eukaryotic or human cell contains thousands of miRNAs. 10 The expression and regulation of these miRNAs are also known to control pathophysiology of each individual cell, tissue or organ or animal or human beings via RISC complex. 11 Therefore, along with the expression of these miRNAs, the expression of each individual components of this complex itself controls the function of each cells, organs and complete multicellular organism itself including mammals and human beings. 1, 6 Thus, posttranscriptional gene regulation and silencing by these RISC proteins plays a vital role in controlling various diseases and human health. 7 In this review article we are shedding torch light on the role of RISC complex in Hepatocellular Carcinoma.
Hepatocellular Carcinoma
Hepatocellular Carcinoma is one of the deadliest cancers and fourth most leading cause of cancer related mortality throughout the globe. 12 Although there are various risk factors associated and known to cause the development and progression of HCC, there are rapidly growing evidences showing that obesity and nonalcoholic fatty liver disease is becoming one of the leading causes for the HCC globally including India. 13e15 The other main risk factors for HCC are chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV), environmental toxins like aflatoxins, smoking, heavy alcohol consumption, type 2 diabetes (T2D), obesity and genetic and heredity disorders. 13 
miRNA associated with Hepatocellular Carcinoma
There are many miRNAs that directly or indirectly associate with the development of HCC. 7, 16 Some of the very important miRNAs which are involved in HCC are miR-21, miR-25, miR-155-5p, miR-210, miR-221 and miR-1246 etc. 17, 18 The advanced and sophisticated research in miRNAs will lead to the elucidation of novel and relevant functional mechanisms which contributes to the development of cancer therapeutics. Thus, in this review we summarize the recent research developments in HCC associated miRNA biology. Many of these miRNAs have been found to be upregulated in HCC and few down regulated. The list of some of the important upregulated and down regulated miRNAs are mentioned in the (Table 1) . 19e30 These miRNAs are mainly involved in cell cycle regulation, proliferation, apoptosis, autophagy, drug resistance, angiogenesis, epithelial-mesenchymal transition (EMT), migration, invasion, and metastasis. Therefore, these miRNAs controls and regulates almost all the hallmarks of cancers including the salient features of HCC. 16e18 In addition, some of these miRNAs can also be used as potential diagnostic and prediction markers in the detection of NAFLD and HCC. 17, 26, 29 Recently, there are many nucleic acid-based drugs available (siRNAs, miRNAs, long ncRNAs) and serve to have a beneficial and promising therapeutic potential for the treatment of HCC. 31 Recently many studies have also showed that exosomes and exosomal miRNAs also play an important role in the development and progression in both NAFLD and HCC. Therefore, exosomal miRNAs also can be used as diagnostic tools and disease progression markers in HCC. 32, 33 miRNA associated with nonalcoholic fatty liver disease (NAFLD)
NAFLD is a chronic disease condition in which the accumulation of simple fats and lipids builds up in the liver that further progress to NASH (inflammation, damage of the hepatocytes of the liver) and finally to Hepatocellular Carcinoma. 14, 27 There are various factors and signaling pathways associated with the development of NAFLD and HCC. Recent studies also show that miRNA plays a major role in the development, progression and regulation of NAFLD. 7, 14, 16 The biogenesis and processing of miRNA and their function involves complex cascades of events. 1 One such cascade of events involves RISC units. 7 Therefore, RISC complex also plays a significant role in controlling the homeostasis, abundance and also functions of these miRNAs.
Some of the very important miRNA which are associated with NALFD and HCC are miR-221, miR-21, miR-155, miR-33, etc. 7, 17, 18 Gene regulation in HCC via RISC complex
The main components of the RISC assembly such as Ago2, SND1 and AEG-1 are known to function as multifaceted proteins in eukaryotic cells. Although they are involved in many functions, gene silencing is the major function of these protein. Due to this pivotal role all these proteins are also associated with the development of various cancers such as colon cancer, neuroblastoma, breast cancer, prostate cancer, pancreatic cancer and lung cancer. 1, 7, 34, 35 They also play very significant role in the development, progression and metastasis of Hepatocellular Carcinoma. The overexpression of these proteins increases the RISC activity and HCC initiation, development and metastasis. Decreased expression of these proteins results in inhibition of tumor growth by increasing the expression of various tumor suppressor genes. 7 Therefore, the overexpression of these genes will activate various oncogenic signaling pathways. The Fig. 2 clearly shows the molecular mechanisms of gene regulation via RISC complex in HCC cells and is becoming a novel target for HCC therapy. Some of the important tumor suppressor genes known to be regulated by the RISC components are Phosphatase and tensin homolog (PTEN), sprouty RTK signaling antagonist 2 (SPRY2), transforming growth factor beta receptor 2 (TGFBR2), cyclin dependent kinase inhibitor 1A (CDKN1A) and cyclin dependent kinase inhibitor 1C (CDKN1C). These tumor suppressors are very important cell cycle regulators and growth factors. PTEN plays a major role in inhibition of protein synthesis during cancer growth. Transforming growth factor beta receptor 2 (TGFBR2) plays a role in induced or spontaneous development of Hepatocellular Carcinoma (HCC), liver inflammation, and fibrosis. AEG-1 is known to cause HCC initiation, growth, development and Table 1 The list of miRNAs which causes NAFLD and HCC.
SL No
Micro RNA Functions (references)
1) miR-221
Aids in proliferation, migration, Angiogenesis in HCC. 16 2) miR-21 Promotes proliferation in HCC. 3) miR-34a Steatosis and inflammation. 19 
4) miR-155
Involved in tumorigenesis of HCC. 20 
5) miR-122
Stimulates the expression of 24 hepatocytes-specific genes, including hepatocyte nuclear factor 6 (HNF6). 21 6) miR-192 Liver fibrogenesis. 22 
7) miR-375
Steatosis and inflammation also reported as tumor suppressor by inhibiting AEG-1 expression. 23 
8) miR-451
It is associated with NAFLD. 24 9) miR-301a They play a role in HCC. 25 
10) miR-197
Decreased in NAFLD. 26 
11) miR-182
This is involved in NAFLD. 27 
12) miR-29b-3p
This is involved in NAFLD. 28 
13) miR-741-3p
14) miR-16
It is associated with NAFLD. 29 
15) miR-146b
Decreased in NAFLD. 30 metastasis. 7, 16 The SND1 is also known to cause almost all the hallmarks of cancer in HCC. 36 Argonaute2 also independently promotes tumor metastasis by up-regulating focal adhesion kinase transcription factor expression in HCC. 37 Therefore, these three RISC proteins independently act as oncogenes and also together in a complex their effect may increase synergistically in post transcriptional gene regulation. 1, 17, 37 All these data from various studies clearly shows that RISC complex is a major player in cancer development, growth and metastasis in HCC. Various groups are already trying to target these proteins via various natural and synthetic compounds to design a potent drug for the highly aggressive Hepatocellular Carcinoma.
Conclusion
The RNA-induced silencing complex is an extremely versatile basic and vital cellular regulatory machine of almost all the eukaryotic cells. This complex can be loaded with numerous naturally occurring guide RNA or in vitro manmade artificial siRNA or miRNA of any desired sequence and this sequence specific RNA can be adapted to serve various knock down and knockout studies. 1, 6 A major challenge in the past decade or past century was to determine how many proteins are present in RISC complex and what are the different types of RISC components expressed in different eukaryotic cells, especially in human cells and the specific biochemical activities of each component of this complex. 1, 7 Various cellular, molecular, biochemical, genetic and proteomic approaches have helped in identifying numerous components of the RISC complex. 38 It has also helped in studying individual protein of choice within this RISC complex. It is also known that proteomic approaches have helped in identifying the number of Argonaute family associated proteins. 39e41 Recent studies elucidated the numerous biochemical roles of these proteins in cancer biology along with their function in RISC assembly. 39, 42 These findings also revealed that few of the very well-known oncogenes also are associated with RISC assembly. 7, 16 This complex proteineprotein interaction is playing a major role in posttranscriptional gene regulation especially in cancer. Here we have mainly focused on the function of these different components in reference to Hepatocellular Carcinoma.
It is possible to target this complex by gaining knowledge of minute details of the individual proteins along with th0rough scientific understanding and its molecular mechanism. A clear bird view of how post-transcriptional and post-translational modifications by this assembly controls tumor initiation, growth, development and metastasis via RISC function will also be very critical. Along with their role in post transcriptional modification, these individual proteins themselves undergo posttranslational modification. Recent studies have shown that human AEG1, SND1, AGO2 also undergo phosphorylation cell and tissue specific manner. 43e45 The post translational modification of these individual components plays a pivotal role in the RISC complex function. Sometime these modifications regulate and plays major and important contribution to form RISC complex and also help in their localization either in cytoplasm, nucleus, cell membranes or p-bodies. Due to these properties it is easy to target individual proteins in cell and tissue specific manner. The Ago2 and SND1 both have nuclease function and designing the inhibitors for these nuclease enzymes and targeting them with absolute specificity will be simple and effortless. Therefore, we can easily predict, and it is Figure 2 The possible mechanism of RNA-induced silencing complex and its components as novel targets for Hepatocellular Carcinoma therapy.
tempting to speculate that RISC assembly is a suitable novel target for cancer therapy especially Hepatocellular Carcinoma.
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